ABSTRACT. For studying protein trafficking in Babesia-infected erythrocyte, we describe the cloning of a Rab5, one of molecular marker for vesicle trafficking in eukaryotic cells, gene homologue in Babesia gibsoni (BgRab5). The full-length cDNA of BgRab5 is 1,020 bp long with an open reading frame encoding a protein of 220 amino acids. The deduced amino acid sequence of BgRab5 contained the highly conserved GTP-binding consensus sequence and shares about 40% homology with that of Rab5 from Plasmodium falciparum, Toxoplasma gondii, Dog, Lotus japonicusor, Oryza sativa. Northern blot analysis showed that the BgRab5 probe hybridized with a 1kb band in total RNA from parasitized erythrocytes, that was consistent with the size of the BgRab5 full-length cDNA. KEY WORDS: Babesia gibsoni, cDNA cloning, Rab5.
Babesia gibsoni, which is a causative agent of canine babesiosis of wild and domestic canids, is a tick-transmitted protozoan parasite. The parasite has a wide geographical distribution and has been reported from Asia, Africa, Europe and Northern America [16] . B. gibsoni alters surface antigens on parasitized erythrocytes, which results in production of anti-erythrocyte antibodies [1, 2, 7, 8, 12] . They also produce some pathogenic factors such as a hemolytic substance in dog serum, which causes anemia [14] . In order to better understand the pathogenicity of B. gibsoni, it is essential to know the endocytic and exocytic pathways of the parasite. However, the structure and mechanism of the vesicular trafficking have not been well studied both at the cellular and molecular levels.
In eukaryotic cells, vesicular trafficking is regulated by small GTP-binding proteins of the Ras family. A large superfamily of monomeric GTP-binding proteins homologous to Ras has been described [5] . Based on their sequence similarity, the Ras superfamily can be subdivided into the Ras, Rho, Ran and Rab families [15] . Rab proteins appear to be involved in the regulation of vesicle transport along the exocytic and endocytic pathways [11, 17] . Rab proteins have a highly variable C-terminal domain which specify their localization in the appropriate secretory compartments [6] . The apparent specificity with which Rab proteins are localized to specific compartments make them ideally suited as bio-markers [10] . Some Rab gene homologues have been described in Trypanosoma, Leishmania, Entamoeba, Toxoplasma and Plasmodium [9] . Characterization of the Rab genes offers an opportunity to study the still obscure molecular events involved in vesicular traffic in these organisms. For these reasons, this paper describes molecular cloning of BgRab5, a new member of the Rab GTP-binding protein family.
As the first step towards developing a set of compartment-specific probes for studying protein trafficking in the Babesia-infected erythrocyte, we initiated a PCR-based approach to isolate the genes for small GTP-binding proteins. Babesia gibsoni was cultured in vitro as described elsewhere [13] . Parasitized erythrocytes were harvested by centrifugation and washed with phosphate-buffered saline (PBS). Total RNA was isolated from parasitized erythrocytes by using the Trizol reagent (Invitrogen, U.S.A.) according to the manufacturer's instructions. About 3-5 µg of total RNA was used to generate the first strand cDNA primed with a 3' RACE adapter primer (Invitrogen). A PCR o l i g o n u c l e o t i d e p r i m e r , 5 ' -T G G G A T A C T G -CAGGGCAGGA-3', for 3' RACE was designed based on the amino acid sequence motif, WDTAGQE, which is highly conserved among all Rab proteins so far identified [5, 10, 15] . One µl aliquot of the first strand cDNA was used in a PCR reaction. Cycling conditions for PCR were 94°C for 2 min, 5 cycles of 94°C for 30 sec, 48°C for 30 sec, and 72°C for 1 min, and subsequent 30 cycles of 94°C for 30 sec, 55°C for 30 sec, and 72°C for 1 min followed by a 7 min final extension. PCR fragments were purified using the Geneclean kit (Bio.101, Ins., U.S.A.) according to the manufacturer's instructions and ligated into the pGEM-T vector (Promega, U.S.A.). The resulting plasmid was transformed and subsequently amplified in an E. coli strain DH5α according to standard protocols. The identification of each clone was achieved by a BLAST search of the Swiss-prot data. Following cloning and DNA sequencing of the Rab gene products primed by the guessed primer (1st PCR), antisense gene-specific primers (GSPs) for 5'-RACE (2nd PCR) were designed. Then, after cloning and determining the nucleotide sequence of the 5'-end gene fragments, sense GSPs were designed and used for a 3'-RACE (3rd PCR) protocol to clone cDNAs encoding the full length genes. DNA sequencing was carried out by an automated sequencer (Applied Biosystems, 310 Genetic Analyzer), and sequences were analyzed using a software package, GENETYX-MAC version 10 (Software development Co., Ltd., Japan). For the comparison with other known proteins, predicted amino acid sequences were scanned against known protein sequences in the GenBank and Swiss-prot databases. By using a PCR primer designed from the consensus motif of the Rab gene family, the 3' end of the first ever B. gibsoni Rab gene was successfully amplified. Since the deduced amino acid sequence of a B. gibsoni Rab gene showed distinct similarity to Rab5, we have named this gene product as B. gibsoni Rab5 (BgRab5). The full-length BgRab5 cDNA is 1,020 bp long, which includes an open reading frame (ORF) extending from positions 282 to 974, and could encode a protein of 220 amino acids. No classical poly-adenylation signal, AATAAA, was found in its 3'-untranslated region though a poly-A sequence was present at the 3' end of the cDNA. Consistent with literature on conserved sequence motifs within the Rab gene family [15] , the GTP-binding domain of BgRab5 showed high homology with that of other known Rab5 proteins while the N-terminal and C-terminal domains of these Rab5 proteins displayed greater diversity. The deduced amino acid sequence of BgRab5 showed relatively higher homology with that of Plasmodium falciparum (accession No. NP473028, similarity 45%) or Toxoplasma gondii (accession No. AAG10794, similarity 42%) while showed relatively lower homology with that of Trypanosome brucei (accession No.AAC78731, similarity 27%), Entamoeba histolytica (accession No. BAB40673, similarity 28%;) or Leishmania major (accession No.CAB98162, similarity 17%). It is important to note that the most conserved residues in the BgRab5 amino acid sequence corresponded to the highly conserved motifs involved in guanine nucleotide binding as shown in Fig. 1 . In addition, the BgRab5 amino acid sequence showed homology with Rab5 from different specices such as Dog (similarity 41%), Lotus japonicus (similarity 40%), and Oryza sativa (similarity 42%) (Fig. 1) .
To confirm the sizes of mRNA transcripts for the cloned cDNAs, total RNA from parasitized erythrocytes of infected dog was subjected to Northern blot analysis. Uninfected dog RNA was used for a negative control. Samples (20 µg total RNA per lane) were electrophoresed and transferred to the Hybond N+ membrane (Amersham-Pharmacia biotech, UK). Following transfer, RNA was cross-linked by exposing the membrane for 3 min to UV (312 nm wavelength). A Probe, BgRab5 cDNA, was labeled with Alkaline phosphatase using Alkphos Direct labelling kit (AmershamPharmacia biotech). Hybridization was carried out overnight at 55°C in the Alkphos Direct hybridization buffer (Amersham-Pharmacia biotech). The membrane was washed at the high stringent condition, and positive signals were visualized by using the CDP-star reagent (AmershamPharmacia biotech). Positive messages were only detected on RNA blots from parasitized erythrocytes. The hybridized band was approximately 1,000 bp in size, consistent with the 1,020 bp of the cDNA size (Fig. 2) . Protein trafficking in the Babesia-infected erythrocyte has been a subject of significant veterinary and cell biological interests [3, 14] . As the first step in the study of protein trafficking in the Babesia-infected erythrocyte, we initiated a study to define biomarkers so as to subsequently explore protein trafficking pathways in B. gibsoni. Our choice of Rab proteins was based on the key role which these GTPases play in the control of vesicular trafficking in eukaryotic cells and their usefulness as compartment-specific probes in other systems [4, 17] . Here, we have described the molecular cloning of a Rab-like gene from B. gibsoni whose predicted amino acid sequence indicated that it was a member of the Rab gene family. The high degree of identity between the B. gibsoni Rab gene and other Rab gene amino acid sequences from the database suggests that the gene reported here is homologue of Rab5. By Northern blot analysis, the BgRab5 gene is also expressed in the intraerythrocyte stage in host. This finding is significant in the sense that BgRab5 will be available as biomarkers both ex vivo and in vivo. Ultra structural and biochemical studies using BgRab5 as compartment specific probes should yield important new insights into the novel aspects of secretory transport in this protozoan parasite. 
